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INTRODUCTION

40
Athletes training and competing in hot, humid environments are particularly susceptible 41 to exertional heat illnesses (EHI) such as heat cramps, heat exhaustion, and heat stroke.
42
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METHODS
117
Experimental Approach to the Problem
119
A randomized, counterbalanced, repeated measures investigation with two experimental 120 conditions (cooling, control,) was utilized for this investigation (Figure 1 
134
Our conditions were sufficiently stressful to simulate typical American football pre-
135
season training in hot, humid conditions ( Figure 2 ). Subjects were required to exercise 136 intensely (heart rate of 85-95% of age-predicted maximum) and to reach a criterion minimum 137 core temperature (38.0 °C). Each data collection session consisted of a warm-up, followed by 
161
Subjects
163
We purposefully sampled 16 male participants from a pool of college students meeting 164 the inclusionary criteria and 10 were included in data analysis (age = 22.6 ± 1.6 yr; height =
165
176.0 ± 6.9 cm; mass = 76.5 ± 7.8 kg; body fat = 15.6 ± 5.4%). Six participants were excluded 166 from data analysis because either they did put forth enough effort to reach the T gi >38.0 °C 167 threshold or the temperature capsule did not reach the duodenum in time for data collection.
168
We recruited participants who were acclimatized to the environmental conditions by exercising 
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When removed the vest from the ice slush, allowed it to drip for 1-2 min then placed it directly 188 on the skin. The vest was fitted to the participant and placed directly on the skin with self-
189
adhesive straps to hold the material close to the skin (Figure 3 ).
190
Perceptual Scales. Perceptual sensations were measured using three scales: thermal, 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 patch (VitalSense ® , Philips Respironics, Inc., Bend OR) was then attached to the chest.
229
Participants wore their own t-shirt, shorts, socks, and running shoes and were asked to wear the 230 same or similar clothes for each data collection session. 
242
Participants were lead through a standardized exercise protocol for 60 min with 243 designed to achieve the following goals: 1) maintain an average heart rate of 85-95% of age- (Table 1 ). The exercises were designed to mimic the first half of an NFL-style
252
football practice with non-contact training and conditioning activities. To simulate the intensity
253
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and recorded by the investigators at the end of each 20 min interval using the HR monitors.
255
Participants were asked to put forth a maximum effort for the duration of each interval and to
256
maintain an average of 85 -95% of HR maximum during the drills.
257
Experimental Conditions. Participants assigned to the Control condition remained 258 seated with their t-shirts on in the shade throughout the 5-min rest breaks and recovery.
259
Participants assigned to the Cooling condition were asked to remove their t-shirt, put on the 
269
At 5-min intervals during recovery, we assessed T gi , T chest , HR, and perceptual sensations.
270
Following recovery, participants toweled off, changed into dry clothes, and were weighed. We 271 asked participants to refrain from voiding until weighed then we collected U vol and performed 272 urinalysis consisting of U col and U sg .(2) Participants were provided with snacks (pretzels, 273 bananas) and were required to rehydrate with at least 500 mL of cold water before leaving the 274 laboratory.
276
Statistical Analyses
278
The treatment effects were evaluated using a randomized, crossover design. All data
279
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Thermoregulatory and Cardiovascular Responses
297
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No other significant differences were found. No symptoms of exertional heat illness using the 337 ESQ were found for either group. No significant correlations (Table 3) implies that recovery by sitting in the shade and rehydrating versus using a superficial cooling 376 vest are equally effective in reducing core body temperature after intense exercise in the heat.
377
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Superficial cooling applications vary considerably in concept, design, and application. 
414
Heart rate responses ( Figure 6) 472   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 
490
Rating of Perceived Exertion. Cooling vest companies commonly advertise anecdotal 491 evidence that superficial cooling can enhance performance because the subject feels cooler
492
and is therefore less fatigued. We found that when participants wore the cooling vests they 493 informed investigators that it made them feel "re-energized", "refreshed", and "cold and ready to 494 go". However, when this evidence was transferred into a quantifiable measurement-RPE, there
495
were no significant differences between conditions. This finding indicates that exercise caused
496
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504
regardless of using a superficial cooling garment, must take regular rest and rehydration breaks 505 to avoid dangerous hyperthermia.
506
Limitations of this Investigation. A limitation of field research in general is that 507 environmental conditions cannot be tightly controlled without an environmental chamber.
508
However, we collected data at the same time each day for 11 days over a 3-week period in July-
509
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(1, 9)
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No significant relationships were found.
572
Note. RPE = rating of perceived exertion, T gi = core body temperature, T chest = skin temperature,
573
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During exercise we found no significant differences between conditions (p=.674); however we 598 did find a significant decrease in T gi during Break 3 (pre-test=38.50±.13°C vs. post-test= 599 38.18±.13°C) for both conditions. For T gi during recovery, we found significant differences 600 between condition (p=.452) and T gi progressively decreased during recovery (p<.001). For the
601
∆T gi we found no significant differences for condition (p=.152).
602 603 
610
Figure 6. Heart rate for intermittent cooling during exercise and recovery (n=10, mean±SD)
611
During exercise we found no significant difference (p=0.586) between the Cooling condition 612 (HR= 147.6±2.6 bpm) and the Control condition (HR= 150.1±3.5 bpm); however we did find 613 *significant differences between pre-and post-test (p<0.001). During recovery, we found no 614 significant (p=0.229) differences between conditions; however we did find *significant 615 differences between pre-and post-test (p<0.001).
616 617 
629
No significant (p=0.164) differences between conditions. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62 63 64 Table   Table 3 . Correlation (R) and significance (P) for thermoregulatory, cardiovascular, and perceptual responses for Cooling and Control conditions at the beginning of recovery (n=10) No significant relationships were found. Note. RPE = rating of perceived exertion, T gi = core body temperature, T sk = skin temperature, and HR = heart rate For T gi during exercise we found no significant differences between conditions (p=.674); however we did find a significant decrease in T gi during Break 3 (pre-test=38.50±.13°C vs. post-test= 38.18±.13°C) for both conditions. For T gi during recovery, we found significant differences between condition (p=.452) and T gi progressively decreased during recovery (p<.001). For the ∆T gi we found no significant differences for condition (p=.152). . Heart Rate for Intermittent Cooling during Exercise and Recovery (n=10, mean±SD) During exercise we found no significant difference (p=0.586) between the Cooling condition (HR= 147.6±2.6 bpm) and the Control condition (HR= 150.1±3.5 bpm); however we did find *significant differences between pre-and post-test (p<0.001). During recovery, we found no significant (p=0.229) differences between conditions; however we did find *significant differences between pre-and post-test (p<0.001). 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49 
631
Thermal
